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Experiments on boundary layer transition with flat, concave and convex 
walls and various levels of free-stream disturbance and with zero and strong 
streamwise acceleration have been conducted. Measurements of both fluid 
mechanics and heat transfer processes were taken. Examples are profiles of mean 
velocity and temperature; Reynolds normal and shear stresses; turbulent 
streamwise and cross-stream heat fluxes; turbulent Prandtl number; and 
streamwise variations of wall skin friction and heat transfer coefficient values. 
Free-stream turbulence levels were varied over the range from about 0.3% to 
about 8%. The effects of curvature on the onset of transition under low 
disturbance conditions are clear; concave curvature leads to an earlier and more 
rapid transition and the opposite is true for convex curvature. This was 
previously known but little documentation of the transport processes in the flow 
was available. When at elevated free-stream disturbance levels, the curvature 
effect on the onset of transition is greatly diminished, though the effect of 
curvature on the later stages of transition and on turbulent transport downstream 
of transition is noticeable. Experiments were conducted with a zero streamwise 
pressure gradient, a constant-K (K=v/Uoo^ dUoo/dx) of 0.75x10"^ and with a 
constant dU oo /dx of 31 sec - l. Various signal processing techniques were applied 
to both the hydrodynamic and heat transfer data. Probability density functions 
(PDF s) for temperature or velocity in the early transitional flow show a 
skewness, indicating the importance of a few, infrequent events for which the 
instantaneous velocity is low. In contrast, PDFs in fully-turbulent flow display a 
more Gaussian distribution, indicating a more uniform distribution with event 
size. Another processing technique is octant separation of turbulent shear stress 
and heat flux. In the transitional flow, an octant which represents a hot, 
wallward interaction, which is a rather unimportant octant in turbulent flow, 
emerges in importance. The importance of the hot wallward interaction remains 
when the flow is accelerated. Data on the combined effects of streamwise 
acceleration, concave curvature, and elevated free-stream disturbance levels were 
discussed. Profiles of the uV correlation show the separate effects of curvature 
and acceleration. A profile of uV processed from data taken from portions of 
the waveform for which u' is identified to be non-turbulent-like shows a small 
contribution of non-turbulent flow to the overall correlation value. Mean 
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temperature profiles show that if the acceleration effects on eddy diffusivity and 
the streamwise convection terms are included and if the turbulent Prandtl number 
measured by a triple-wire probe is employed, reasonable fits between the 
computed and measured profiles are attained. Power spectral distributions on u' 
are presented in fu'2 v.s. log f coordinates (f is the frequency) and a peak in 
energy seems to roughly correspond to the frequency associated with convection 
of eddies of the integral scale size in the freestream. In an attempt to see the 
effect that the freestream may have on the boundary layer under such high bypass 
conditions, a ratio of the boundary layer spectrum to the freestream spectrum 
was taken. It appears to show considerable amplification at a frequency which 
roughly corresponds with that of the convected eddies. Further processing steps 
included computing the ratio of downstream to upstream spectra in the boundary 
layer divided by the same quantity but taken from the freestream data. The 
numerator shows the streamwise amplification in the boundary layer, the 
denominator shows the streamwise amplification in the freestream. It is 
interesting to note that the ratio remains at a value of 3 across the spectrum. 

Upcoming activity includes measurements in stronger acceleration cases 
where a considerable transition length is expected in spite of the high disturbance 
level of the flow entering the test region. 
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Curvature Effect on Stanton Number 
Tu=0.6%, Unaccelerated Flow 
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Stanton Numbers 



OCTANT ANALYSIS 


Instantaneous velocity and temperature signals divided 
into eight categories based on the signs of u', v' and t'. 


Octant 2 

u'<0, v’>0 

"cold 

ejection" 


Octant 3 

u'<0, v'<0 

"cold 

wallward 

interaction" 


Octant 1 

u’>0, v'>0 

"cold outward 
interaction" 

Octant 4 

u'>0, v'<0 
"cold sweep" 


Octant 6 

u'<0, v’>0 

"hot 

ejection” 


Octant 7 

u'<0, v'<0 
" hot 

wallward 

interaction" 


v' 

Octant 5 

u'>0, v’>0 

"hot outward 
interaction" 


Octant 8 

u'>0, v'<0 

"hot sweep 


f<o r>o 


Names taken from Kawaguchi, Matsumori and Suzuki 
( 1984 ). 


Can correlate with particular eddy motions. 
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Examples of Ties to Flow Structure 
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> These are the predominant terms in a turbulent boundary layer. 
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> Note the importance of octants 4 and 6. 




Octant 
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> Note the emergence of a positive u V contribution from octant 7 and the 
rise in importance of octant 6. 
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~T~ wo H/tfi/c Packet 
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The velocity change due to the TWP passage at R •«II00 (X s -55cm), \^Y m , the whole 
TWP span. O.tfUco 
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pHnsE locked THPS Amp on Z=0 vs X f=<oh 
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